Abstract In Nepal, visceral leishmaniasis (VL) is endemic in 13 districts of the central and eastern regions. A total of 166 bone-marrow aspirates were obtained from patients with suspected VL. Ninety-seven were identified as positive by microscopy, and 29 of those were successfully isolated and cultured. We characterized these isolates by molecular analysis and by their ability to infect mice. PCRrestriction fragment length polymorphism analysis of the mini-exon and the cysteine proteinase b gene showed that all isolates were Leishmania donovani, and the restriction pattern of the Nepalese isolates corresponded to the standard Indian strain of L. donovani but differed from that of the Kenyan strain. The single-strand conformation polymorphism analysis of ribosomal internal transcribed spacer showed no genetic heterogeneity within Nepalese isolates. Intraperitoneal inoculation with the promastigotes of all isolates resulted in amastigote proliferation in the spleen of 20 nude mice, of which ten isolates were highly infective, and ten were moderately infective, including one BALB/c mouse. Of the 20 amastigotes isolated from the spleen of nude mice, only the ten highly infective isolates infected BALB/c mice, of which, two isolates were considered to have low infectivity, three isolates were considered to be moderately infective, and five isolates were considered to be highly infective.
Introduction
Visceral leishmaniasis (VL), commonly known as Kalaazar, is a serious disease caused by species of the Leishmania donovani complex, which is transmitted in many tropical and subtropical countries. More than 90% of VL cases are found in three regions: a region that encompasses India, Bangladesh, and Nepal; a region that encompasses Sudan, Ethiopia, and Kenya; and Brazil (WHO 1996) . It has been estimated that there are 500,000 new cases of VL per year (WHO 1998) and as many as 100,000 deaths every year (Ashford et al. 1992) , and it is expected that this situation will worsen in the coming years because of man-made and environmental changes, the spread of the Human Immune Deficiency Virus (HIV), and Leishmania coinfection and resistance against first-line drugs (Desjeux 2001) . VL is considered a major public health problem in the southern plains of the Terai region in Nepal, where 5.5 million people are at risk of the disease. A total of 23,842 cases with 515 deaths were reported between 1980 and 2003 (Ministry of Health Nepal 2004) . Those numbers were derived from symptomatic patients diagnosed at authorized medical facilities, although the majority of cases are asymptomatic and many symptomatic cases may be overlooked because of poor medical service.
VL has been identified in 13 districts in the south-eastern part of the Terai region of Nepal that neighbors with the Bihar state of India, where VL is endemic. There is free movement across this border for the poor people living in this area, an area inhabited by the Leishmania vector Phlebotomous argentipes (sandfly). It is thought that L. donovani was carried to Nepal by immigrants who settled, and subsequently, VL spread to surrounding areas that had a favorable climate. If this was the case, the intraspecies diversity of L. donovani in Nepal would be much smaller than that of India; however, there have been no reports to confirm this hypothesis. To date, Leishmania species, world-wide, have been extensively classified, and even within a species, there is great variation in isolates from different endemic areas. For example, L. donovani is acknowledged as a species complex consisting of four species:
chagasi, and L. (d) archibaldi, although some do not consider the latter two as separate species (subspecies).
Leishmania parasites have been classified on the basis of clinical, biological, and epidemiological criteria (Chance 1979) . The standard method for identification of Leishmania isolates is based on isoenzyme typing of Rioux et al. (1990) ; however, this method is slow, laborious, and expensive and requires identifying the profile of 15 isoenzymes (Mahnaz et al. 2006) . To overcome such difficulties, numerous DNA-based methods have been developed in the last decade to evaluate genetic diversity within Leishmania species and strains. These assays target the amplification of kinetoplast DNA, ribosomal DNA, repetitive nuclear DNA, mini-exon genes, and microsatellite DNA sequences (Jackson et al. 1984; Ramirez and Guevara 1987; Cupolillo et al. 1995; Ramos et al. 1996; Piarroux et al. 1993; Bulle et al. 2002; Marfurt et al. 2003a; Schonian et al. 2003) .
The mini-exon gene is commonly used for the identification and differentiation of Leishmania species, as it is present in tandem repeats (100-200 copies) in Leishmania complexes but is absent from mammalian and sandfly genomes. It is possible to amplify DNA from both Old and New World Leishmania complexes with a single pair of primers to the mini-exon gene (Marfurt et al. 2003a; Fernandes et al. 1994 ). In addition, PCR-restriction fragment length polymorphism (RFLP) can be used to target the cysteine proteinase b gene (cpb), another gene important in the host-parasite relationship (Pollock et al. 2003) that is repeated in the Leishmania genome (Souza et al. 1992; Mundodi et al. 2002) . Furthermore, a high degree of inter-and intraspecies variation have been observed in rDNA internal transcribed spacers (ITS1/ITS2) in both Old and New World Leishmania species (Cupolillo et al. 1995 (Cupolillo et al. , 2003 Schonian et al. 2000 Schonian et al. , 2001a El Tai et al. 2000 , 2001 Berzunza-Cruz at al. 2002; Mahnaz et al. 2006) .
Several experimental animal models of VL have been developed over the years. In mice, infection by L. donovani depends on the genetic background of the mouse strain, route, and form of inoculation (promastigote or amastigote), and dose and infectivity of the challenge organism (Blackwell et al. 1980) . Studies of inbred mice have identified certain strains that are resistant to Leishmania infection, for example, C3H and others that follow a susceptible, noncure/cure course of infection, for example, C57BL/10 and B.10.D2 (Blackwell et al. 1980; Nickol and Bonventre 1985) . BALB/c mice are the most commonly studied strain, as they show an initial susceptibility to L. donovani infection and a variable degree of parasite load (depending upon the dose and route of infection) in their spleen and liver. However, after several weeks, the immune system of BALB/c mice has the parasite burden in the organs under control, although a low level of chronic infection is maintained (Murray et al. 1982; Wilson et al. 1989) .
In the present study, we obtained 166 bone-marrow samples derived from Nepalese patients with suspected VL, of which 29 were established in vitro by culture. We performed molecular analyses of the mini-exon gene, the cpb gene, and the ITS of rDNA. We then investigated the infectious capacity of the isolates in nude and BALB/c mice and Syrian hamsters. The additional aim of this study was to establish a mouse model of leishmaniasis, which may be used to test drugs and to develop vaccines.
Materials and methods

Sites and facilities for isolation of parasites
A total of 166 bone-marrow samples were collected from Nepalese patients with suspected VL between 2003 and 2005 at two medical facilities: the Janakpur Zonal Hospital (JZH), in the Dhanusa district of Nepal, and the Sukraraj Tropical and Infectious Diseases Hospital (STIDH), Kathmandu, Nepal (see Fig. 1 ). JZH is situated in an area where VL is endemic, and this hospital serves districts other than Dhanusa and the bordering areas of India where VL is also endemic. STIDH is a central referral hospital specializing in infectious and tropical diseases such as Leishmania, HIV, and diarrheal diseases.
Patients with suspected leishmaniasis, as determined by clinical symptoms such as intermittent fever and splenomegaly, were sent to the above medical facilities for definitive diagnosis. The iliac crest bone was punctured and a few drops of bone-marrow aspirate were obtained. Aspirates were smeared on glass slides, stained with Giemsa, and inspected under a light microscope (magnification, 1,000×) to detect any Leishmania parasites. Patients that were positive were sent to be approved for VL treatment. The remaining aspirate was transferred into a 15-ml plastic tube containing 6 ml Leishmania culture medium (see below).
Informed consent from each of the patients was obtained after an explanation of the meaning of a bone marrow puncture and why a sample of aspirate was used to culture Leishmania. The research protocol was approved by the Ethical Committee Institute of Tropical Medicine, Nagasaki University.
Culture of parasites
Bone marrow aspirates were kept at room temperature in a screw-capped plastic test tube with 6 ml of Eagle minimum essential medium (MEM, Nissui, Japan), pH 7.2, supplemented with 2 mM L-glutamine, 100 ug/ml streptomycin, 100 U/ml penicillin G potassium, 10% heat-inactivated fetal bovine serum (Biowest, Canada), and 2% hemolyzed rabbit blood. All cultures and slides were shipped to the Institute of Tropical Medicine, Nagasaki University, Nagasaki, Japan, and incubated at 26°C for 2 months, during which, samples were examined by microscopy weekly. When the parasite number was greater than 10 5 /ml, an aliquot was taken to propagate the parasites into ten new tubes containing fresh medium. Propagated samples were used for DNA extraction and to inoculate mice (nude and BALB/c) and Syrian hamsters.
Parasite used for gene comparisons A summary of details regarding the Nepalese Leishmania isolates used in this study is shown in Table 1 . Four reference strains were used in the study: an Indian strain (MHOM/IN/80/DD8) of L. donovani, kindly provided by Dr. Yoshitsugu Matsumoto (Department of Molecular Immunology, Graduate school of Agriculture and Life Sciences, The University of Tokyo, Japan); L. amazonesis (MPRO/BR/72/M1845), a kind gift from Dr. Ken Katakura (Department of Tropical Medicine, Jikei University School of Medicine, Tokyo, Japan); L. donovani; and L. aethiopica, both obtained from the clinical center, Kenya Medical Research Institute, Nairobi, Kenya, by Dr. Eisaku Kimura.
DNA extraction
Samples containing approximately 10 7 parasites were washed twice with phosphate buffered saline (pH 7.2) and 600 μl of lysis buffer (1 M Tris/HCl, pH 8.0; 10 mM ethylenediamine tetraacetic acid [EDTA]; 100 mM NaCl; 0.5% sodium dodecyl sulfate [SDS]) containing 200 μg/ml proteinase K (Nacalai Tesque, Japan) was added, and samples were incubated at 56°C for 3 h. DNA was extracted by phenol/ chloroform/isoamyl alcohol (25:24:1 v/v; Sambrok and Russel 2001) and precipitated from the aqueous phase with ethanol. Pellets were washed with 70% ethanol and air dried before resuspending in 100 μl distilled H 2 O.
Analysis of PCR products
Mini-exon gene A polymerase chain reaction (PCR) product of the miniexon gene was amplified using the following forward and reverse primers, respectively, 5′-TAT TGG TAT GCG AAA CTT CCG-3′ and 5′-ACA GAA ACT GAT ACT TAT ATA GCG-3′ (Marfurt et al. 2003b ).
Cysteine proteinase b gene
Amplification of the intragenic regions of the cpb gene was performed using the forward primer 5′-CGA ACT TCG AGC GCA ACC T-3′ and the reverse primer 5′-CAG CCC AGG ACC AAA GCA A-3′. Intergenic regions of the cpb gene were amplified using the primer pair 5′-CCT CAT TGC TTT GGT CCT GG-3′ and 5′-GGC GTG CCC ACG TAT ATC GC-3′ (Quispe Tintaya et al. 2004) Ribosomal internal transcribed spacer
The rDNA gene of the ITS1 region were amplified by L5.8S (5′-TGA TAC CAC TTA TCG CAC TT-3′)/LITSR (CTG GAT CAT TTT CCG ATG) primers, ITS2 by LS.8SR (5′-AAG TGC GAT AAG TGG TA-3′)/LITSV (ACA CTC AGG TCT GTA AAC) primers, ITS2A by LIS2MR (5′-AGA GTG CAT GTG TGT AT-3′)/L5.8SR primers, and ITS2B by LIS2MV (5′-ATA CAC ACA TGC ACT CTC-3′)/LITSV primers (El Tai et al. 2001) .
In all three cases, the amplifications were performed in a 50-μl reaction containing 2.5 mM deoxyribonucleotide Table 2 . PCR products were analyzed by electrophoresis on 2% agarose gel (L03 Takara, Japan) in 1× TBE buffer (0.89 M Tris-borate, 0.02 M EDTA, pH 8.3) and visualized under ultraviolet (UV) light after staining for 15 min in ethidium bromide (0.5 μg/ml).
Restriction enzyme analysis of mini-exon and cpb
For the restriction profile, we used three restriction enzymes (EaeI, NcoI, and Eco72I) to digest the mini-exon PCR product, five restriction enzymes (HaeIII, HpaII, EaeI, HinfI, and SduI) for the cpb intragenic region, and five restriction enzymes (HaeIII, NspI, AcyI, HaeII, and Eam1104I) for the cpb intergenic region. three hundred nanograms of PCR product was digested overnight in a total volume of 10 μl containing 5 U of restriction enzyme, as recommended by the manufacturer (Fermentas, USA). PCR products were electrophoresed on 3% agarose gel (Nacalai Tesque) and stained with ethidium bromide (0.5 μg/ml) for 15 min to visualize digested products under UV light. Single-strand conformation polymorphism analysis of ITS1 and ITS2
ITS1 and ITS2 fragments were screened for polymorphisms by single-strand conformation analysis as described by El Tai et al. (2001) . Briefly, 10 μl of PCR product were added to 3 μl denaturing buffer (0.01 M EDTA, 1% SDS) and 2 μl loading buffer (80% glycerine, 0.1 M EDTA pH 8, 0.01 M Tris HCl pH 8, 0.1% bromophenol blue, 0.1% xylene cyanol). The mixture was heated to 98°C for 15 min and immediately chilled on ice for 15 min. Samples were loaded onto an mutation detection enhancement gel (Cambrex, USA) and electrophoresed in 0.6× TBE before staining with a silver staining kit (Sil-Best Stain-Neo kit, Nacalai Tesque). The gel was dried in a slab gel dryer at 65°C for 4 h.
Infection in nude, BALB/c mice and Syrian hamsters
Female nude mice (BALB/c-nu/nu), BALB/c mice, and Syrian hamsters of 4 weeks of age were purchased from the Japan SLC and maintained under stable climatic and dietary conditions.
Experiment I
Mice (nude and BALB/c) were intraperitionally inoculated with 10 7 promastigotes in 0.5 ml MEM. All isolates were used to inoculate mice, but only ten were used to inoculate hamsters. Two mice and one hamster were used to determine infectivity for each isolate. Mice and hamsters were killed 8 weeks after inoculation. Spleens were harvested in aseptic conditions for parasitological examination and to initiate culture. Spleen stamps were taken, fixed with methanol, and stained with Giemsa so that the number of amastigotes could be counted by microscopy (magnification, 1,000×). The following criteria were used to classify the infectivity of isolates: An amastigote number of less than ten per five field was considered to have low infectivity (+), those with an amastigote number of 11-100 per five field were considered to have moderate infectivity (++), and an amastigote number greater than 100 parasites per five field was considered to have high infectivity (+++).
Experiment II
After the identification of parasites in spleen stamps from nude mice, the spleen was homogenized and divided into three: One sample was used to inoculate nude and BALB/c mice and Syrian hamsters (10 6 in 0.5 ml in MEM), one was used to initiate culture, and the remaining sample was cryopreserved for future use. Only three of the highly infective isolates (in nude mice) were used to inoculate hamsters. The inoculated mice and hamsters were killed after 8 weeks. If an isolate did not cause infection in mice during the first trial, another attempt was made to confirm that the isolates were not infectious.
Results
Isolation of parasites
Of the 166 bone-marrow aspirates used to initiate an in vitro culture, only 29 established successfully. Bonemarrow smears were prepared for microscopic observation, and 72 of the 131 aspirates obtained from the JZH were positive, and 25 of the 35 aspirates from the STIDH were positive. Of the 97 samples that were microscopically positive, 29 were established in culture. All 29 cultured isolates were used in subsequent experiments.
Mini-exon PCR assay
The efficiency of PCR for the mini-exon assay was improved by adding dimethyl sulfoxide and tetramethylammonium chloride to the reaction mixture (Marfurt et al. 2003b ). The PCR products obtained from the genomic DNA of all the 29 isolates resulted in three slightly different sizes of PCR fragments, ranging between 400 and 500 bp, (see Fig. 2 ). This finding suggests there are three mini-exon repeats in L. donovani that are detectable by PCR.
Of the three restriction enzymes (EaeI, NcoI, Eco72I) used in the digest samples, the restriction fragments obtained from EaeI were the most informative. Restriction analysis of mini-exon PCR products showed that all 29 isolates had an identical profile. The restriction profiles of all 29 Nepalese isolates were similar to L. donovani from India but distinct from L. donovani from Kenya and L. aethiopica (figure not shown). Intragenic and intergenic amplification of the cpb gene PCR was used to amplify the intragenic and intergenic regions of the cpb gene of all 29 Nepalese isolates, of L. donovani from India and Kenya, and of L. aethiopica. In all cases, the PCR product obtained by using intragenic cpb primers gave a product of 1,080 bp. However, the PCR product size could not be used to distinguish the Nepalese isolates from Indian and Kenyan L. donovani and from L. aethiopica. When digested with five restriction enzymes, several bands appeared for all Nepalese L. donovani isolates, as well the control strains of Leishmania. When digested with SduI, the PCR products derived from L. donovani isolates from Nepal, India, and Kenya had the same restriction pattern. When digested with HpaII, CfrI, HaeIII, and HinfI, all Nepalese L. donovani isolates and Indian L. donovani had the same restriction pattern, which differed from that of Kenyan L. donovani and L. aethiopica. Digestion with HpaII resulted in two fragments (170 and 220 bp) that were common to L. donovani from Nepal, India, and Kenya, a further two were common to L. donovani from Nepal and India (200 and 280 bp). The digest obtained with L. donovani from Kenya contained a unique fragment (360 bp) and that of L. aethiopica contained four unique fragments (170, 490, 570, and 630 bp; Fig. 3) .
The PCR product amplified from the intergenic region of the cpb gene of L. donovani complex and L. aethiopica was approximately 1,600 bp. When digested with AcyI, HaeII and HaeIII, the fragments were more informative than digestion with NspI and Eam1104I. All L. donovani isolates from Nepal, India, and Kenya gave five identical bands, but when digested with HaeII, L. donovani from Nepal and India had one additional band of that was not present in the Kenyan strain of L. donovani (data not shown).
SSCP analysis of ITS1 and ITS2 region
The PCR products obtained from the genomic DNA of L. donovani complex and L. aethiopica using primers to ITS1 and ITS2 were approximately 320 and 720 bp and 340 and 740 bp, respectively (data not shown).
Single-strand conformation polymorphism (SSCP) analysis of ITS1 and ITS2 regions from the 29 isolates and the control strains (L. donovani from India and Kenya and L. aethiopica) were carried out. All Nepalese isolates had the same pattern as the standard L. donovani from India but differed from L. donovani from Kenya and L. aethiopica (Fig. 4) .
Infection in nude mice, BALB/c mice, and Syrian hamsters
Cultures containing 10 7 promastigotes were used to inoculate mice. Out of the 29 isolates of L. donovani, 20 resulted in infection of nude mice (Table 3 ). In the case of BALB/c mice, only 1 of the 29 isolates (D10) caused infection when promastigotes were inoculated. Infectivity of both nude and BALB/c mice was determined by counting the number of amastigotes in a spleen stamp or the number of promastigotes in a culture established by a drop of homogenized spleen. In nude mice, ten isolates were of high infectivity, and ten isolates were of moderate infectivity. 20 of the infected nude mice were killed, and their spleens were removed and homogenized to obtain amastigotes. After inoculation of BALB/c mice by these amastigotes, ten isolates caused infection: the same ten isolates that were scored as highly infective to nude mice. In BALB/c mice, two isolates (D14, D34) were considered to have low infectivity, three isolates (D21, D26, T25) were considered to have moderate infectivity, and five isolates (D10, D67, T11, T27, T22) were considered to have high infectivity. In the case of one isolate (D34), infectivity in the BALB/c mouse was only detected by culture of promastigotes from homogenized spleen. Ten isolates were used to inoculate hamsters, three which were highly infective in nude mice (D10, D67, and T11), but these did not cause infection. 
Discussion
In this study, we collected 166 bone-marrow samples from Nepalese patients with suspected VL and attempted to establish an in vitro culture. Of the 29 isolates that we successfully cultured, nine were from the 35 samples collected from STIDH in Kathmandu (25.7% culture success rate), and 20 were from the 131 samples collected from the JZH (15.2% success rate), which may be due to better laboratory facilities at the former hospital. Microscopic observation revealed more positive results than was obtainable by culture. Ideally, the samples identified as positive by microscopy would have had an adequate number of parasites to initiate culture, but the culture success rate was reduced because of contamination by bacteria and/or fungi, problems with the preserving media, and problems with maintaining an optimal temperature.
To identify the exact species of Leishmania isolates, we extracted genomic DNA and performed several PCR-based experiments that have been used previously for this purpose, to analyze the mini-exon (Marfurt et al. 2003a,b) , cpb genes (Quispe Tintaya et al. 2004), and ITS1 and ITS2 (El Tai et al. 2000) . The results of PCR indicated that all isolates contained L. donovani.
The mini-exon PCR assay has sufficient sensitivity and specificity to fully differentiate L. donovani from other species by RFLP analysis of the PCR products. Marfurt et al. (2003a,b) used mini-exon PCR-RFLP to differentiate between the three species of the L. donovani complex as well as other species of Leishmania. We applied the same approach to the Nepalese isolates and the Indian and Kenyan strains of L. donovani. A clear distinction was observed between the Nepalese isolates and the Kenyan strain, but there was no detectable difference between the Nepalese isolates and the Indian strain using mini-exon PCR-RFLP.
Application of PCR-RFLP to analyze the cpb-coding regions revealed that the restriction pattern of Nepalese isolates was the same as the standard Indian strain of L. donovani but different from the Kenyan L. donovani. This method has previously been used to elucidate the correlation between genetic diversity and geography (Quispe Tintaya et al. 2004) . Cupolillo et al. (2003) used RFLP analysis to identify the genetic diversity of L. brazilensis species, which were isolated from samples collected from several regions of Brazil; the majority of genotypes were region specific. However, we did not identify any polymorphisms in the 29 Nepalese isolates used in this study.
In addition, we applied SSCP analysis to detect genetic diversity within the L. donovani isolates. This technique is relatively quick, and it is simple to detect single base differences in genes (Gasser 1997) . This study was the first of its kind to apply PCR-linked SSCP to screen for genetic variation within L. donovani isolates from Nepal. Polymorphisms within ITS have been previously reported within different species of Leishmania using different molecular methods (Schonian et al. , 2001a Hide et al. 2001; El Tai et al. 2000 , 2001 Mauricio et al. 2004; Toledo et al. 2002; Marfurt et al. 2003b ). El Tai et al. (2001) detected 11 polymorphic SSCP patterns in 63 L. donovani samples collected from Sudan, and Schonian et al. (2001a,b) obtained 14 different SSCP profiles from 29 L. tropica strains resident in different Old World geographical areas. Furthermore, Mahnaz et al. (2006) observed three different SSCP profiles in 24 L. major strains from Iran. However, we did not detect any polymorphisms in the ITS1 and ITS2 regions of genomic DNA extracted from the Nepalese isolates.
Our results indicate that the Nepalese isolates and the standard Indian strain are identical but differ from the 
D Dhanusa District; T Teku Hospital (place of sample collection); (+++) highly infective; (++) moderately infective; (+) low infectivity; (−) no infection; n.d. not done a Amastigote from nude mice also inoculated Kenyan strain. Sreenivas et al. (2004) used genomic fingerprints for 19 L. donovani isolates from India by arbitrary-primed PCR. He found that a large majority of isolates (17/19) displayed an identical amplification profile, whereas two isolates showed a divergent pattern. As the Indian type of L. donovani is a human-specific parasite, it is likely to have undergone a long process of evolution to adapt to human physiology, and consequently, it was thought that the intraspecies diversity was lost. All the Nepalese L. donovani isolates examined in the present study were identical with a single standard Indian strain, although they were not examined by arbitrary-primed PCR. No polymorphism was detected in L. donovani isolates from Nepal by RFLP and SSCP. The parasites of L. donovani from Nepal and India are probably homogenous, as this border is open to migration between the countries and is an area inhabited by sandflies.
On the other hand, there was a considerable diversity between the Nepalese isolates when their infectious capacity was tested in vivo. Firstly, inoculation with cultured promastigotes showed that the 20 isolates were infective in nude mice and only one of those was infective in BALB/c mice. This may be due to the loss of virulence after their culture, as it has been shown that the virulence of L. donovani promastigotes decrease with increasing time of cultivation in vitro, and that they are most virulent when used within 2 weeks of isolation from infected animals (Giannini 1974; Nolan and Herman 1985; Wilson et al. 1989) . BALB/c mice are known to be genetically susceptible to L. majora and several other Leishmania species that cause cutaneous leishmaniasis. However, even susceptible strains of mice can control and clear the infection by raising an immune response (Murray et al. 1987) . In addition to host immunity and strain virulence, the outcome of the experimental infection is also dependent on the number of parasites used to inoculate the host (Titus and Ribueri 1998) and the route of inoculation (Melby et al. 1998) . Of the ten isolates that were highly infective to nude mice, infectivity to BALB/c mice was increased by inoculating amastigotes derived from the spleen of nude mice. However, of the ten isolates with low infectivity in nude mice, infectivity was not increased by inoculating BALB/c mice with amastigotes. This indicates that the infectivity of the original isolates was different. The ten isolates that were highly infective to nude mice could be classified into three degrees of infectivity in BALB/c mice, suggesting that diversity exists in the virulence of Nepalese L. donovani. Our results indicate that the parasite isolates plays a major role in the course of infection. This may be applicable even to differences in virulence to humans, although the molecular factors that determine virulence have not yet been analyzed.
We have established Nepalese L. donovani infection in a BALB/c mouse, which could be used as a mouse model of leishmaniasis to test pathogenecity and to test treatments and vaccines for VL. The Nepalese isolates belong to a genetically select group of L. donovani, but further investigation will be required to determine what defines diversity at the molecular level. For a more comprehensive understanding of genetic diversity among L. donovani species, further studies, using samples from other regions of Nepal and from different vectors, is required.
